Hydrocephalus and its Treatment
Physiology of the Cerebrospinal Fluid Circulation
Hydroxephalus always implies an episode of imbalance between secretion and absorption of CSF, whether the underlying cause is overproduction, defective absorption, obstruction of circulation or brain atrophy. Mathews et al. (1967) have pointed out that normally the balance must be very delicately regulated, for an excess of production of only 1 ml a day must soon cause serious ventricular dilatation, but equally the regular removal of only small amounts of CSF should control even a severe case of clinically active hydrocephalus.
The circulation of CSF is more than a passive flow. Bering (1962) showed that it is the pulse waves emanating from the choroid plexus which produce ventricular dilatation in the dog under experimental conditions conducive to hydrocephalus and Dott (1950) suggested that CSF is actively propelled around the subarachnoid space by the pulsation of the cerebral arteries.
The effects of increased pressure alone, increased pressure with ventricular dilatation and distortion of the brain caused by localized increases in pressure with consequent displacement of brain substance, are all different. The third of these falls outside the scope of this discussion. Heavy pressure maintained for periods of up to half an hour on the decompressions of patients operated upon for the removal of brain tumours causes neither headache, vomiting nor alteration in consciousness. By contrast, both Foltz and his colleagues (1965) and Kibler et al. (1961) have described symptomatic hydro-'Present address: Royal Infirmary, Hull cephalus without intracranial hypertension. Hakim & Adams (1965) have suggested that whether or not a given CSF pressure causes symptoms is largely dependent upon the size of the ventricles, and have described a syndrome of mental dullness, unsteadiness of gait, &c., associated with progressive ventricular enlargement in patients with near normal CSF pressures. This is corrected by the appropriate drainage measures, and it has long been known that when the CSF pressure is lowered (e.g. by lumbar puncture) the size of the ventricles decreases. The relation between cortical thickness and mental function in hydrocephalus is inconstant, but one must suppose that the prognosis after surgical treatment depends partly upon the elasticity of the patient's brain tissue as well as upon the degree to which this is intrinsically maldeveloped or has been irreversibly damaged by underlying disease.
Treatment of Infantile Hydrocephalus
Although Scarff (1963) compared the various ventriculostomy operations with ventriculo-atrial drainage to the disadvantage of the latter, most surgeons agree that in infants at least the ventriculostomies are largely of historical interest. Since 1958 we have employed the Holter valve throughout, and the following conclusions are based on our first 161 consecutive cases, with a minimum of two years' follow up. With their agreement we have compared our patients with the conservatively treated ones reviewed by Laurence & Coates (1962) . Fig 1 shows that surgical treatment doubles the hydrocephalic child's chance of living to the age of 10 years. Less reassuring is the continuing incidence of revision operations (Fig 2) , as those surgeons who have adopted Laurence's method of presentation of their data have published figures comparable with ours. Any technical innovation which would lessen the risk of shunt-dependence would be welcome.
A full discussion of the results of the surgical treatment of infantile hydrocephalus in relation to vtiology would require a separate paper. Table 1 suggests that:
(1) The treatment of communicating hydrocephalus tends to go more smoothly than that of the obstructive variety, perhaps because it has a greater tendency to spontaneous cure. (2) With the notable exception of the Arnold-Chiari malformation, congenital defects of the nervous system and the destruction occasioned by neonatal meningitis are associated with a greater incidence of serious mental defect in the survivors than is seen in the birth injury-prematurity cases.
(3) The post-meningitic cases have a high incidence of epilepsy. This was expected, but an equally high figure for aqueduct stenosis is more surprising.
The infant with a rapidly enlarging head is one of the common problems in ptediatric neuroradiology. Careful radiological investigation is indicated in all cases with the exception of those with a myelomeningocele. Instead of the suspected simple hydrocephalus, such conditions as subdural effusions, hydranencephaly, bladder brain, brain abscess, agenesis of the corpus callosum, posterior fossa tumour or hzmatoma or choroid plexus papilloma of the lateral ventricle have been found and treatment by ventriculo-atrial shunt is inappropriate in these conditions.
Radiography ofthe Skull
Radiographs may reveal the characteristic hydrocephalic shape of the skull, while the presence of faint calcification deep in the hemisphere may indicate toxoplasmosis. A square, enlarged head would suggest the presence of subdural effusions.
In the Arnold-Chiari malformation heavy digital markings and an indentation of the floor of the posterior fossa are often found. Widening of the sutures is present if hydrocephalus is advancing rapidly.
